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Fig. 9. ESCP Test Configuration
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the hybrid . The powe r reflected from the elements gets divided into the
sum port and the difference port. The sum port portion has already been
accounted for and can simply be determined f rom the sum port r efle ction

coefficient when the difference port is terminated in its characteristic
impedance. The difference port power can be measured as a percentage of
P as shown in Fig. 11.

0

Table I summarizes the formulas governing the efficiency calculation

based on the dif f erence por t power , sum port reflection coefficient, and
sum -and-difference port insertion losses. (The inherent hybrid mismatches
can be neglected since they are very small.) Insertion losses are less than
0. 5 dB in the lower half of the band , and about 0 .4  dB at the lowest fre-
quency. Equation (1)  includes a te rm for the radiation efficiency of the
elements. This is explained in more detail in Eq. (5) ,  including an inequalit y

for the range of radiation resistance depending on the current distribution.
The efficiency based on radiator and cable ohmic losses can usually be

ne glected for these fat radiators. Table 2 gives a sample calculation for the
ESCP at the lowest design frequency, leading to -4 . 8 dB. It is assumed in this
calculation that all of the reflected power will have to be absorbed. This
may be pessimistic , but lacking any specific information on the transmitter
output circuit and the distance between transmitter and antenna in wave-
lengths, this is the only prope r accounting method. Comparing this “To tal
Matching Efficiency” with that of an isolator used to match the individual
monopole leads to Fig. 12. The isolator was assumed lossless, lacking
any specifics. Any particular isolator (if available at , say, VHF ) may have
a substantial insertion loss , of course , which will have to be added to the

values of Fig. 12.

Actual absolute gain , in both cases , would have to be determined from

gain measurements on a pattern range. However , the previous laborious

procedures described in [81 , which failed to identify any “hidden loss”
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Table 1. ESCP Efficiency Formulas

~ tot ~ ~< 
~ R ~ 100 [%J (1)

4
‘~~ 1(’~~

)
~ (I .Lj ~ ]

with = I - log log 
~~ 

10 + 10 j (2)

= 

~ (I L )~ 
X 

~~~ 

°

= log t [(
I .L. )z 

+ log (I ~r~ )] 
(3)

True Sum Port Reflection Coefficient
referred to element VSWR

- 

(VSWR) 1 - 
1

“ (VSWR) 1 4 - l  ( )
e

with Coth 1(VSWR) = Coth~~
1(VSWR ) - -____

el m 8.686
.

and

- 
- (VSWR)e1 = element standing wave ratio

(VSWR ) = measur ed (hybrid) VSWR

= hybrid attenuation constant
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Table 1 . ESCP Efficiency Formules (cont. )

~
R R R + R A + R c 

(5)

Where

RR Element Radiation Resistance

40 ~~ (h)
Z 

< RR < 160 ~~ (h )
Z

and

RA = Element Ohmic Losses

R C = Cable c*imic Losses

Typically,

~
R ~ 90% for h ~

.
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Table 2. ESCP Efficiency Budget

f = . ~~ fo

Hybrid lnsertion Losses (I .L . )L = 0 . 4 d B  Sum Port
(I. L. )~ = 0 .4  dB Difference Port - 

-

Corrected Sum Port Reflection Loss - 1. 8 dB
(3. 8:1 VSWR)

= 0.583

Power Mea ;ured at Difference Port - 4.3  dB wrt  Z input

1 - Actual Difference Port Power - 3.5  dB wrt E input

Difference Port Matching Efficiency ~T1 I - log ’ ( -3 .5  dB) = 55%

Sum Port Reflection Efficiency TI F = 66%

Sum Port Insertion Loss Efficiency TI1 L = 91%

Total Efficiency 11~~~(Excluding Radiator , Cable Losses) —~~ -— = 0 .55 x 0.66 x 0.91
R

= 0 .33

= -4. 8 dB
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mechanism, should justif y the assumption that for the ESCP , the net
absolute gain can be roughly estimated from the individual small radiator
pattern gain ( 1 . 7 5  dB + 3 dB for  ground plane ) plus the pair directivit y gain
as illustrated in Fig. 13 [to] , minus the matching losses given in Fig. 12.
The total gain bandwidth product thu s appears to have been improved with
respect  to the classical inductor-matched electrically small monopole
antenna . The matching is completely instantaneous , so that wideband si gnals
can be transmitted. Using a definition of bandwidth where the minimum
radiato r dimension and the minimum efficiency occur at the lowest operating
frequency (as shown in Figs.  10 and 12), we can assign a bandwidth of 3:1 ,
or relative bandwidth of 100 percent where an octave equals 66 percent .
The minimum efficiency is approximately 25 percent , or -6 dB , and the
directive gain in the direction of propagation approximately 5. 75 dB. Hence ,
unity gain /bandwidth product exists , as compared to 0. 1 G x B for  a 30 percent
eff ic ient  monopole with “broadband” matching to 10 percent relative bandwidth ,
or compared to 0. 02 G x B for a monopole tuned to maximum e f f i c i ency  and mini-
mum bandwidth.  It appears , therefore , that about an order  of magnitude im-
provement in gain X bandwidth product should be feasible.

Potential applications of the ESCP include directional elements for
scanning wideband phased a r rays , small antennas for low-silhouette require-
ments on various vehicles , and other app lications calling for wideband
antennas or scat t e re r s  with direct ional  pattern ove r part of the band .

*
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